A study is described that evaluates the accuracy of vortex-lattice methods when they are used to compute the loads induced on aircraft as they encounter lift-generated wakes. The evaluation is accomplished by the use of measurements 
This article first reviews some of the assumptions that need to be made in order to apply the vortex-lattice method to vortex wakes.
The experimental setup and procedures used to obtain the velocity and loads data are then described along with the methods used to adjust the data for model misalignments and for vortex meander.
Computations are then presented to evaluate the accuracy of the vortex-lattice method.
Applicability of Vortex-Lattice Method
The vortex-lattice method chosen for this study is based on potential flow theory that assumes that the flowfield is steady with time, incompressible, inviscid, and that flow separation or stall is negligible.
Since the velocity field that interacts with the following or encountering wing is brought about by a vortex wake, the flowfield is solenoidal and not potential.
Therefore, if a potential-flow method like the vortex-lattice method is to be used in lift-generated wakes, it must either be modified in some way or the flowfield must be reinterpreted.
If the velocity field is impressed by a vortex system the boundary conditions on the various lattices that represent the wing may be specified by 1) assuming that each panel needs to respond to the local flow angle or 2) that the wing panels are inclined at an angle to a uniform freestream that is equal to the angle of attack impressed by the vortex system.
In either case, the strengths of the vortex-lattice panels are adjusted so that there is no flow through the encountering wing at the control points. In the vortex-lattice method the panels consist of horseshoe vortices.
The (Fig. 2) . The model wake then moves upward away from the strut wake that tends to go straight downstream.
The angle of attack of the generator is set remotely through an actuator and indicator mechanism.
-et,. The wake-generating model is tested with its landing gear, leading-edge slats, and trailing-edge flaps deployed (Table  1) . As in the past, and as indicated in Table 2 , a designation of flaps (30/30 deg) is used to indicate that the trailing-edge flaps are fully deployed and that the aircraft is in its full-landing configuration with leading-edge slats and landing gear deployed.
In the (30/0 deg) or modified-landing configuration, the inboard landing flaps are fully deployed and the outboard ones are stowed.
The rest of the model is in its landing configuration.
A third configuration ( Fig. 3 and and vertica] velocity components were measured. The two velocity components were then combined to yield the distribution of up-and downwash angle w/u across the wake (Fig. 7) .
Adjustments to Experimental Data
Before the data points were plotted in the various figures or used in the vortex-lattice code, an increment, Ay = 0.028b_ (i.e., 2 in.), was first applied to the spanwise location to correct for a lateral offset in the measured alignment of the wind-tunnel setup. (A 2-in. distance in the wind tunnel becomes Ay/b_ = 2/70.5 -0.0284 in dimensionless units.) That is, in all of the spanwise surveys, the data first had to be shifted to the left so that the centerline of the data is aligned with the centerline of the wake-generating model. An upward shift is also needed in the measured upwash angle and lift to compensate for such items as flow angularity in the wind tunnel, any nonzero angle of _/ttack of the following wing or hot-film gauge relative to horizontal, and possible deflections of the support sting, traverse tower, and rail assembly due to air loads from the freestream velocity. Although these displacements are each small, the combination appears to be enough to cause an offset in the measured curves of about C_/ = 0.02 and Cq = 0.02. The offset in the torque distributions is determined so that the curves for roiling moment far from the centerline bare about the same magnitude of roiling moment.
Such an adjustment is based on the assumption that a slight twist or lateral asymmetry in the following wings causes a bias in all of the data in the distribution.
Next, adjustments were determined for the upwash readings because they are needed to determine the offset of the data from the zero level.
The procedure used to find the proper amount of upwash adjustment for the data is based on the assumption that the vortices are very nearly axisymmetric in their core region.
It 
Comparison of Predicted and Measured Data

Induced Lift
The spanwise distributions of up-and downwash angles presented in Fig. 7 were used as input into a vortex-lattice code to predict the lift on following wings nos. 1, 4, and 5 (Figs. 8-10 ), as they encounter the vortex wake shed by a configuration of the wake-generating model ( for that wake did not go to completion for that side of the wake. As a result, two vortices are in close proximity causing the wake to be very unsteady and the rolling moments to be somewhat higher. The generally good agreement in Fig. 8 It is concluded therefore, that the differences between the computed and measured data arc due to some characteristic of the flowfield that is not included in the vortex-lattice method or in the application of the boundary conditions. Since the agreement of the predicted and measured data for following wing no. 1 is very good, it is also concluded that the experimental and data reduction techniques are adequate and produce reliable data.
Induced Rolling Moment
The sequence used for the comparisons presented in Figs. I I-13 for rolling moment parallel those presented previously for lift. Once again the rolling-moment distributions computed for following model no. 1 (Fig.  11 ) are in very good agreement with the measured data. The values computed for following model no. 4 (Fig. 12) arc also in quite good agreement in most regions except near the vortex centers, where the magnitude of the predictions are again too large. The same comments can be made for the comparisons presented for following model no. 5 (Fig. 13) , but the magnitude of the discrepancy has increased over that observed for the two smaller encountering wings.
Once again, the discrepancies are be- lieved to be due not to flow separation, nor to lack of accuracy of the application of the vortex-lattice method, but, as discussed in the next section, due to one or more flowfield characteristics not included in the method.
Assessment
of Assumptions As mentioned previously, a systematic effort was made to be sure that the discrepancy between the results was not due to misalignments or adjustments in the data nor to approximations in the mesh size, spacings, etc., in the vortex-lattice code. It was found that the computed values usually changed less than 1% at any place along the span due to any of the items tried. After these various possibilities had been tested and eliminated as being responsible for the discrepancy between computed and measured distributions, the assumption made in the application of the vortex-lattice method regarding the streamwise downwash distribution was investigated. That is, when the vertical velocity at each control point is set, it is assumed that the value is constant for all control points at the same spanwise station. In other words, the downwash is assumed to be the same for each set of streamwise panels or lattices and an allowance for distortion of the oncoming vorticity distribution is not made. It is believed that this approximation is the most logical reason for the discrepancy between the computed and measured lift and rolling-moment distributions. In support of this conjecture, it is again noted that the vortex-lattice method was quite accurate when the following wing was small and that the error increased as the following wing increased in size. Similarly, the trend in predictive accuracy follows the fact that small following wings cause small or negligible distortions to a vortex wake; whereas, large wings cause larger distortions in the structure of the vortex wake. Since little distortion is expected when the following wing is small, like following wing no. 1, the vortexlattice method would be expected to be reliable with only small or negligible error. When the following wing is large, like nos. 4 and 5, the distortion of the vorticity field and the resulting downwash distribution is expected to be larger, and perhaps even quite significant. It remains to be confirmed that the discrepancies between computed and measured data are caused by vortex-wake distortions brought about by the influence of the following wing. The first requirement is that it be shown that wake distortion is able to bring about the changes in magnitude and distribution observed between the predicted and measured quantities for the larger wings. It would then be desirable to develop an effective method to properly analyze the wing/vortex-wake interaction and apply it to the test configurations studied here. An estimate of the distortion that can be brought about by a wing/vortex-wake interaction is relatively simple to obtain by use of a Trefftz-plane type of analysis (Fig. 14) . The computation was carried out by analyzing the motion of twodimensional point vortices arranged in a circular distribution and with a strength distribution designed to approximate the vorticity distribution typical of lift-generated vortices. The boundary conditions on the motion of the vortices are applied so that, prior to the x/b_ = 0 station, the vortices move as if in two-dimensional free space. Downstream of x/bg = 0, the vortices above z/bg = 0 move as if they are over an infinite flat plate, and those below z/bg = 0 move as if they are under an infinite flat plate. Both of these two motions are simulated The examples presented in Fig. 14 assumed that the leading edge of the flat plate was sharp and thin enough to divide the vortex in half as it encounters the wing. Therefore, the calculations presented in Fig. 14 It is noted in Fig. 14 
Concluding Remarks
Results are reported here on a study of the reliability of a vortex-lattice method for the computation of lift and rolling moment induced on following wings by an oncoming stream that contains the vortex wake of a subsonic transport aircraft configured for landing. The vortex-lattice method is tested by using it as the link between the measured velocity distribution and measured induced loads in the same vortex wake. 
